a2 United States Patent

US009311523B1

(10) Patent No.: US 9,311,523 B1

Nam (45) Date of Patent: Apr. 12,2016
(54) METHOD AND APPARATUS FOR (56) References Cited
SUPPORTING OBJECT RECOGNITION
U.S. PATENT DOCUMENTS
(71)  Applicant: STRADVISION KOREA, INC., ]
Gyeongbuk (KR) 2012/0219224 Al* 82012 Dingetal. ......... GOGK. g/ﬁgg
(72) Inventor: Woonhyun Nam, Gyeongbuk (KR) 2013/0121576 AL* 52013 HSU v G0365;f2/51/461(7)
. .. 2015/0154441 Al* 6/2015 Zhangetal. ....... GO6K 9/00221
(73) Assignee: StradVision Korea, Inc., Gyeongbuk 382/118
KR
&R) * cited by examiner
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Primary Examiner — Edward Park
U.S.C. 154(b) by 0 days. (74) Attorney, Agent, or Firm — Husch Blackwell LLP
(21) Appl. No.: 14/811,916 (57) ABSTRACT
(22) Filed: Jul. 29, 2015 A method for supporting object recognition is disclosed. The
method includes the steps of: setting calculation blocks, each
(51) Imt.ClL of which includes one or more pixels in an image, acquiring
GO6K 9/00 (2006.01) respective average values of the pixels included in the respec-
GO6T 7/20 (2006.01) tive calculation blocks, and matching information on the
GO6T 7/00 (2006.01) respective calculation blocks with the respective average val-
(52) US.CL ues or respective adjusted values derived from the respective
cPe ... GO6K 9/00234 (2013.01); GO6T 7/0022 average values; referring to information on windows, each of
(2013.01); GO6T 7/2013 (2013.01); GO6T which includes information on one or more reference blocks
2207/20216 (2013.01); GO6T 2207/30201 which are different in at least either positions or sizes and
(2013.01) information on corresponding relations between the calcula-
(58) Field of Classification Search tion blocks and the average values or the adjusted values, to
CPC v GO6K 9/4614; GO6K 9/6234; GO6K  thereby assign the respective average values or the respective
9/00288; GO6K 9/4671; GO6K 9/62; GO6K adjusted values to the respective reference blocks; and acquir-
9/6262; GO6K 9/6267; GO6K 9/78; GO6K ing necessary information by using the respective average
9/6256; GO6K 9/626; GO6K 9/4676; GO6K values or the respective adjusted values assigned to the
9/6292; GO6N 3/02; GO6F 17/30247; GO6T respective reference blocks.
2207/20021; GO6T 7/408; GO6T 2207/20081
See application file for complete search history. 26 Claims, 9 Drawing Sheets
310
EXTRACTED PIXELS
s20 ———[ECIME
RnnnaEEaaRam Lowe 00D |
VAVVAAVNVNVNV=1 0 1100 1 1 1 1719(0€)
330 EEEEREEEEEE
o =0
eesl x [B1 x -+ BT ENCODING AP
{81 SHORT CODE

340-




U.S. Patent Apr. 12,2016 Sheet 1 of 9 US 9,311,523 B1

100 150
)
CALCULATION BLOCK
110 -1 CORRESPOND ING PART [ =~ COMPARING PART 130
CONTROL
PART
~ |REFERENCE BLOCK | | PROBABILITY | 140
120 =1 CORRESPONG ING PART AGGREGATING PART

A

1
COMMUNTCATION
PART

1
\

160




U.S. Patent Apr. 12,2016 Sheet 2 of 9 US 9,311,523 B1

-n
ao
N

— 250

2O DO~ WS — O —
O WU UTA = O 0~
DA O OMNN = N o A
WH O ~NWmW~O
N O~ WON — O
OO ORANN — M
DD W =~ — 0100
RN —= N — — O DN D
O — W H@©w U oo~MN
—~ OO W®E OO A

0 0 0 0 0 0 0 0 0 0
T8 12 12 21 25 33 41 43 47
6 18 23 30 40 45 58 68 7/ 87
/23 30 40 52 59 73 89 106 121
14 36 44 62 83 92 113 138 160 179
40 50 71 95 108 130 156 181 208 |[-—op0
24 51 63 91 122 144 169 196 230 265
30 62 74 104 143 171 196 225 263 306
36 /3 85 124 163 191 222 252 293 344
45 85 101 144 189 217 254 290 332 391
49 98 120 166 218 254 299 337 388 448

Himg(x,y)=> > img(x",y")

X'<x y'<y

OO OO OO OO oo
—h
~




US 9,311,523 B1

Sheet 3 of 9

Apr. 12,2016

U.S. Patent

371S MOONIA IHL ONIHYNIE : ZSM R
¥ v+ 6 S GG v S 9 8199009 % v g6
SZ v el v ¥ 8 g 8 ¢1 9006069
v 6 ¥ ¥V S ¥ ¥ SzZzegecevazzs 8 ¥ 209820¢GS9
vy e ey v or Y L v 1 v . 922G 8 61 S 6 /L L3271V L
y ¢ 888 ¢ ¢ /€1 ¥ 6% ¢ 2 ¢ g 81 1l veegzl e
vy orlvly vy S ¥ ¥ & ¥ G €2V v 66 L 26 8L 9 2
7 v v v v 7 b v v g S /.G6¢£¢€6¢8 8 ¥ Sg 9l zzeavv |
7 g 8 v v 2§ € ¢g ¢ 968218688 ¢ 9/ 261 1 L1 S S
oy S v v b et oe Y Y S v S Y ey ¥ v 2898 v 601 4 |
G=7M =7N 77 L=75N
092 192
| /
! |
Gy 898 JoC 662 ¥52 8¢ 9ot 021 95 67 O
165 788 062 ¥GZ iz 9L L\ i0l 68 S O
vve €62 297 222 160 €91 val (S8 §L 9% O
90t €92 o2z [961) 144 syt voi/[kl] 29 o8 O
9z 06z 96L 60 [PVl @2l 16 €91 1S b2 0
: 80z 1L 9GI 091|801 96 L 0S| op 4 O
[ €679/ (0eteL-vL-961)=Ueal B, 00l 6l S| £8 29 b9 v 0
12l oL 68 [E4 |es 25 ov [l ez 2 o
/8 1 9 8 G oF 06 € 8 9 0
oer Ir €€ S 1d 2 2 8 1L 0
0 0 0 0 0 0 0 0 0 0 0

£ Ol




U.S. Patent Apr. 12,2016 Sheet 4 of 9 US 9,311,523 B1

FIG. 4

WINDOW 1 WINDOW 2 W INDOW 3
© 1] 0| [
PX o ]
D ;\ h T /‘, (W] D
o | L
| |
m} T \\ / /> l\ O = A
/ | ‘\\_ / / \ // \
274 | ) s o )
272 N / 273

N\ Iy o

\/ \\,///
SAME POSITON  SAME POSITON

SAME SiZE SAME SIZE



U.S. Patent Apr. 12,2016 Sheet 5 of 9 US 9,311,523 B1

FIG. 5




U.S. Patent Apr. 12,2016 Sheet 6 of 9 US 9,311,523 B1

FIG. 6

&

2
s

&

g

S

1x1 BLURRING 2x2 BLURRING 4x4 BLURRING Bx8 BLURRING




US 9,311,523 B1

Sheet 7 of 9

Apr. 12,2016

U.S. Patent

3000 LHOHS

JdvW ONIGOON3 18 X

:w_x ces

92L 02

6t 8HL

!

BEnEaRRnE

(030)B121t L L L 0 O

L L0 ==AAAAVVAAVA

[¢]

2]

Bininin

A

Ll (vl (el(e](i]

S13X1d (310vdlX3

L 914

08¢




U.S. Patent Apr. 12,2016

Sheet 8 of 9 US 9,311,523 B1
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1
METHOD AND APPARATUS FOR
SUPPORTING OBJECT RECOGNITION

FIELD OF THE INVENTION

The present invention relates to a method and an apparatus
for supporting object recognition; and more particularly, to
the method and the apparatus for (i) setting calculation
blocks, each of which includes one or more pixels in a training
image, acquiring respective average values of the pixels
included in the respective calculation blocks, and matching
information on the respective calculation blocks with the
respective average values or respective adjusted values
derived from the respective average values; (ii) referring to
information on windows, each of which includes information
on one or more reference blocks which are different in at least
either positions or sizes and information on corresponding
relations between the calculation blocks and the average val-
ues or the adjusted values, to thereby assign the respective
average values or the respective adjusted values to the respec-
tive reference blocks; and (iii) acquiring necessary informa-
tion to be used for recognizing an object by using the respec-
tive average values or the respective adjusted values assigned
to the respective reference blocks; or to the method and the
apparatus for recognizing an object in a test image by using
the necessary information.

BACKGROUND OF THE INVENTION

Various object recognition modules have been embedded
in a variety of electronic devices. For example, a smart TV
performs user authentication through face recognition.

Object recognition technologies may cause overhead in the
electronic devices because they generally require processes
of handling tremendous amount of data. Since the object
recognition modules embedded in the individual electronic
devices are required to handle the tremendous amount of data
in real time in many cases, a technology for handling the data
quickly in such individual electronic devices with limited
computational capabilities is needed.

Meanwhile, a method using binary descriptors which store
information on images of objects in binary codes was sug-
gested. The binary descriptors express information on shape,
brightness, appearance, etc. of the objects in binary codes.
The method using the binary descriptors guarantee fast and
stabilized performance compared to a linear classification
method under situations where a lot of training sets are input-
ted. Binary descriptors include Local Binary Patterns (LBP),
Modified Census Transform (MCT), Ferns, etc.

A face recognition method using the LBP may express a
value acquired by comparing pixel intensity of a local point
with pixel intensities of neighboring pixels as a binary code.
Specifically, the face recognition method using the LBP may
express a result acquired by comparing the intensity of the
center pixel with the intensities of eight neighboring pixels as
a binary code.

Similar to the LBP method, even a face recognition method
using the MCT may also express a value acquired by com-
paring pixel intensity of a local point with pixel intensities of
neighboring pixels as a binary code. However, the face rec-
ognition method using the MCT may express a result
acquired by comparing the intensities of nine pixels included
in a block of size 3x3 with an average intensity of the nine
pixels as a binary code.

However, the LBP method or the MCT method have prob-
lems of failing in convergence or failing in pose classification
when processes of learning are performed by an object rec-
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2

ognition apparatus which includes a module of executing the
LBP method or the MCT method. Specifically, there are
problems of failing in convergence upon two-class learning
process as the case may be (for example, if there are a large
degree of variation in training samples) and failing in pose
classification upon multi-class learning process.

Contrary to the LBP method and the MCT method, a Ferns
method may express a result acquired by comparing an inten-
sity of a first pixel with that of a second pixel which is apart
from the first pixel as a binary code. However, since even the
Ferns method compares the intensities between the pixels, the
Ferns may significantly drop the overall object recognition
rates if there occurs any error in a pixel value.

In particular, as an amount of inputted training sets
increases, an amount of calculation rises very sharply. There-
fore, a new technology for performing the object recognition
faster compared to the existing methods, such as HOG, Gabor
and the like, is required.

SUMMARY OF THE INVENTION

It is an object of the present invention to solve all the
problems mentioned above.

It is another object of the present invention to suggest a
technology with a better classification performance com-
pared to other binary features.

It is still another object of the present invention to propose
atechnology with higher calculation speed compared to other
features such as Gabor or HOG.

It is still yet another object of the present invention to
suggest a technology to be used effectively for single-class
learning and multi-class learning.

It is still yet another object of the present invention to
suggest a technology capable of working effectively for
samples with many variations.

It is still yet another object of the present invention to
suggest a technology capable of reducing a chance of over-
fitting on learning samples compared to local features.

It is still yet another object of the present invention to
provide a technology capable of modeling a classifier by
using smaller number of weak classifiers.

It is still yet another object of the present invention to
suggest a technology which uses smaller number of points
compared to Ferns.

In accordance with one aspect of present invention, there is
provided a method for supporting object recognition by using
an apparatus for supporting object recognition, including the
steps of: (a) the apparatus setting calculation blocks, each of
which includes one or more pixels in an image, acquiring
respective average values of the pixels included in the respec-
tive calculation blocks, and matching information on the
respective calculation blocks with the respective average val-
ues or respective adjusted values derived from the respective
average values; (b) the apparatus referring to information on
windows, each of which includes information on one or more
reference blocks which are different in at least either positions
or sizes and information on corresponding relations between
the calculation blocks and the average values or the adjusted
values, to thereby assign the respective average values or the
respective adjusted values to the respective reference blocks;
and (c) the apparatus acquiring necessary information to be
used for recognizing an object by using the respective average
values or the respective adjusted values assigned to the
respective reference blocks.

In accordance with another aspect of present invention,
there is provided a method for supporting object recognition
by using an apparatus for supporting object recognition,



US 9,311,523 Bl

3

including the steps of: (a) the apparatus acquiring a test image
as a test set; and (b) the apparatus recognizing an object
included in the test image by referring to necessary informa-
tion acquired through processes of: (1) setting calculation
blocks, each of which includes one or more pixels in a training
image acquired as a training set, acquiring respective average
values of the pixels included in the respective calculation
blocks, and matching information on the respective calcula-
tion blocks with the respective average values or respective
adjusted values derived from the respective average values;
(2) referring to information on windows, each of which
includes information on one or more reference blocks which
are different in at least either positions or sizes and informa-
tion on corresponding relations between the calculation
blocks and the average values or the adjusted values, to
thereby assign the respective average values or the respective
adjusted values to the respective reference blocks; and (3)
acquiring the necessary information by using the respective
average values or the respective adjusted values assigned to
the respective reference blocks.

Inaccordance with still another aspect of present invention,
there is provided an apparatus for supporting object recogni-
tion, including: a calculation block corresponding part for
setting calculation blocks, each of which includes one or
more pixels in an image, acquiring respective average values
of'the pixels included in the respective calculation blocks, and
matching information on the respective calculation blocks
with the respective average values or respective adjusted val-
ues derived from the respective average values; a reference
block corresponding part for referring to information on win-
dows, each of which includes information on one or more
reference blocks which are different in at least either positions
or sizes and information on corresponding relations between
the calculation blocks and the average values or the adjusted
values, to thereby assign the respective average values or the
respective adjusted values to the respective reference blocks;
and a comparing part for acquiring necessary information to
be used for recognizing an object by using the respective
average values or the respective adjusted values assigned to
the respective reference blocks.

In accordance with still yet another aspect of present inven-
tion, there is provided an apparatus for supporting object
recognition, including: an image acquiring part for acquiring
a test image as a test set; and an object recognizing part for
recognizing an object included in the test image by referring
to necessary information acquired through processes of: (1)
setting calculation blocks, each of which includes one or
more pixels in a training image acquired as a training set,
acquiring respective average values of the pixels included in
the respective calculation blocks, and matching information
on the respective calculation blocks with the respective aver-
age values or respective adjusted values derived from the
respective average values; (2) referring to information on
windows, each of which includes information on one or more
reference blocks which are different in at least either positions
or sizes and information on corresponding relations between
the calculation blocks and the average values or the adjusted
values, to thereby assign the respective average values or the
respective adjusted values to the respective reference blocks;
and (3) acquiring the necessary information by using the
respective average values or the respective adjusted values
assigned to the respective reference blocks.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
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tion of preferred embodiments given in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram illustrating a configuration of an
apparatus for supporting object recognition in accordance
with one example embodiment of the present invention.

FIG. 2 is a drawing for showing an example of applying an
integral image to calculate average values in accordance with
an example embodiment of the present invention.

FIG. 3 is a drawing for representing an example of per-
forming the calculation of an average value in accordance
with an example embodiment of the present invention.

FIG. 4 is a diagram for explaining how to handle reference
blocks with a same size at a same relative position in multiple
windows in accordance with an example embodiment of the
present invention.

FIG. 5 is a drawing for illustrating multiple reference
blocks included in a window in accordance with an example
embodiment of the present invention.

FIG. 6 is a diagram indicating respective top-left pixels in
the reference blocks of FIG. 5 on respective blurred images,
which are acquired by applying blurring processes to an
acquired image by using different sizes of calculation blocks,
respectively, in accordance with an example embodiment of
the present invention.

FIG. 7 is a drawing for explaining a course of acquiring a
long code and a short code by successively comparing two
values of all the respective pairs of pixels which can be
selected among all the pixels in the small boxes of FIG. 6 in
accordance with an example embodiment of the present
invention.

FIG. 8 illustrates a lookup table which stores correspond-
ing relations between short codes and recognition rates in
accordance with an example embodiment of the present
invention.

FIG. 9 is a block diagram of an apparatus for supporting
object recognition in accordance with another example
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following detailed description, reference is made to
the accompanying drawings that show, by way of illustration,
specific embodiments in which the invention may be prac-
ticed. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the invention. It is to
be understood that the various embodiments of the present
invention, although different, are not necessarily mutually
exclusive. For example, a particular feature, structure, or
characteristic described herein in connection with one
embodiment may be implemented within other embodiments
without departing from the spirit and scope of the present
invention. In addition, it is to be understood that the position
or arrangement of individual elements within each disclosed
embodiment may be modified without departing from the
spirit and scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is defined only
by the appended claims, appropriately interpreted, along with
the full range of equivalents to which the claims are entitled.
In the drawings, like numerals refer to the same or similar
functionality throughout the several views.

To allow those skilled in the art to the present invention to
be carried out easily, the example embodiments of the present
invention by referring to attached diagrams will be explained
in detail as follows:
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FIG. 1 is a block diagram illustrating a configuration of an
apparatus for supporting object recognition in accordance
with one example embodiment of the present invention.

In accordance with the present invention, the meaning of
“an apparatus for supporting object recognition” includes at
least either of an apparatus for recognizing object and an
apparatus for allowing other apparatus to recognize object.

Further, in accordance with the present invention, the
meaning of “object recognition” includes not only “object
recognition” itself but also “object detection”.

By referring to FIG. 1, an apparatus 100 for supporting
object recognition in accordance with one example embodi-
ment of the present invention may include a calculation block
corresponding part 110, a reference block corresponding part
120, a comparing part 130, a probability aggregating part 140,
a control part 150, and a communication part 160.

Herein, mobile digital devices, including a personal com-
puter (e.g., tablet PC, notebook, laptop, etc.), a PDA, a web
pad, a mobile phone, a smart phone, etc. which have memory
means and micro processors with a calculation ability, may be
adopted as the apparatus 100 in accordance with one example
embodiment of the present invention. Besides, an electronic
calculator, which has a storage with a large capacity and at
least one processor with a calculation ability, such as public
computer including a workstation, a network server, or a
home automation system, may be also adopted as the appa-
ratus 100 in accordance with one example embodiment of the
present invention. In addition, the calculation block corre-
sponding part 110, the reference block corresponding part
120, the comparing part 130, and the probability aggregating
part 140 to be explained later may be implemented as each
electronic device with its own processor and support object
recognition by transmitting and receiving data through com-
munications among the calculation block corresponding part
110, the reference block corresponding part 120, the compar-
ing part 130, and the probability aggregating part 140.

The apparatus 100 for supporting object recognition may
be an apparatus for receiving images for learning, i.e., train-
ing sets, and then performing operations, e.g., learning pro-
cesses, to the training sets or an apparatus for performing
operations to test sets after processes of learning are com-
pleted, but for convenience in explanation, the apparatus 100
will be assumed as the apparatus for receiving the training
sets and then performing operations to the training sets. In this
case, the training sets obtained by the apparatus 100 may be
used to increase object recognition rates which include face
recognition rates. It may also be used to increase recognition
rates with respect to other objects such as characters, etc., as
the case may be.

First of all, the calculation block corresponding part 110
may set one or more calculation blocks including one or more
pixels in an image, if being acquired by the apparatus 100.
Herein, each of the calculation blocks is a virtual block for
calculating each average value of the pixels included therein
and each of the average values is assigned to each of reference
blocks included in a window, which will be explained later.
Each of the calculation block may be a square block, but it is
not limited thereto. As another example, each of the calcula-
tion block may be a block with a certain shape if it could be
combined with other block(s) with the certain shape to
thereby make a square shape. Additionally, sizes of the cal-
culation blocks may be set to be at least one of sizes 1x1, 2x2,
4x4, and 8x8, but it is not limited thereto.

Specifically, the calculation block corresponding part 110
may acquire at least one average value of one or more pixels
included in at least one calculation block or at least one
adjusted value derived from the average value. For example,
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the average value of the pixels means an average of intensity
values of the pixels included in the calculation block. The
average value may be simply acquired by using an integral
image, which will be explained in more details later. Besides,
the adjusted value may be either a value acquired by an
arithmetic operation in use of the average value and a preset
value or a value drawn by rounding off, rounding up, or
rounding down the average value.

The calculation block corresponding part 110 may scan an
image acquired by the apparatus 100 while changing ranges
of pixels covered by the calculation blocks, and calculate the
average values for the respective ranges of pixels or acquire
the adjusted values derived from the average values. In addi-
tion, when the image acquired by the apparatus 100 is
scanned with the calculation blocks, the calculation block
corresponding part 110, for example, may perform scans per
calculation block of sizes 1x1, 2x2, 4x4, and 8x8 and may
store information on corresponding relations between infor-
mation on the respective calculation blocks, i.e., information
on identifiers of the calculation blocks, and information on
the average values or the adjusted values derived from the
average values. Herein, the identifiers of the calculation
blocks may be given differently depending on an identifier of
animage acquired by the apparatus 100, a size of a calculation
block, and a position, i.e., a range, of pixels included in a
calculation block. Besides, the sizes of the calculation blocks
could be set to be matched with those of the reference blocks,
which will be explained later.

The calculation block corresponding part 110 may calcu-
late the average values or the adjusted values derived from the
average values or receive the average values or the adjusted
values from an external device or an external module. Unlike
what was mentioned above, it could be implemented to con-
figure a virtual average value block which stores the average
values or the adjusted values and then make the average value
or the adjusted value stored at a prefixed position in the
average value block referred to through information on a
corresponding calculation block.

Next, the reference block corresponding part 120 may per-
form a function of assigning the average values or the
adjusted values, calculated by using the respective calcula-
tion blocks corresponding to respective reference blocks, to
the corresponding reference blocks by referring to (i) infor-
mation on windows including the reference blocks and (ii)
information on the corresponding relations between the cal-
culation blocks and the average values or the adjusted values.
Herein, at least either positions or sizes in the respective
reference blocks may be set differently.

Forreference, a window may include information on one or
more reference blocks with various sizes and positions, which
will be used to perform object recognition. Herein, the refer-
ence blocks may serve as blocks for supporting the object
recognition by being provided with average values or
adjusted values calculated by using calculation blocks corre-
sponding thereto. That is, the reference blocks may be con-
sidered as virtual blocks included in at least one window
required to learn multiple training sets inputted into the appa-
ratus 100.

Specifically, if a position and a size of a specific reference
block among the multiple reference blocks in at least one
window are matched with those of a specified calculation
block among the calculation blocks (herein, “being matched”
means a corresponding relations or equivalent thereto), an
average value or an adjusted value corresponding to the speci-
fied calculation block may be matched with the specific ref-
erence block.
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The reference block may be a square block, but it is not
limited thereto. As another example, the reference block may
be a block with a certain shape if it could be combined with
other block(s) with the certain shape to thereby make a square
shape. Additionally, a size of the reference block may be set to
be at least one of sizes 1x1, 2x2, 4x4, and 8x8, but it is not
limited thereto.

By referring to FIGS. 2 to 4, explanation on how to assign
the average values or the adjusted values calculated by using
the calculation blocks corresponding to the reference blocks
to the corresponding reference blocks will be given below in
accordance with one example embodiment of the present
invention.

FIG. 2 is a drawing for explaining an example of creating
an integral image 260 from an image 250 acquired by the
apparatus 100. For reference, it is made clear that numbers in
the image 250 may be intensity values of respective pixels and
numbers in the first row and the first column in the integral
image 260 are set to be 0 for convenience of calculation.
Besides, it can be found in FIG. 3 that a calculation block 261
with a certain size is set on the integral image 260 of FIG. 2
and an average value of pixels included in the calculation
block 261 can be easily acquired by using the integral image
260.

Specifically, to get the average value of the pixels included
in the calculation block 261, calculation could be made by
referring to four pixel values of four points (indicated by
small boxes) in the integral image 260 as shown in FI1G. 3. It
could be found that the average value of the calculation block
261 as such is 4.93 and that, as the adjusted value acquired by
rounding down the average value, 4 is drawn. In other words,
as the size of the calculation block 261 is 4x4, and the coor-
dinates of the top-left pixel among the pixels in the calcula-
tion block 261 are (4, 4), it can be found that “4” as the
adjusted value is allocated to a small box located in the
coordinates (4, 4) in the figure for WSZ=4 among the lower
figures of FIG. 3. For reference, this is introduced on assump-
tion that the coordinates of the top-left pixel among the pixels
in the calculation block of size 4x4 are (4, 4). However, for
example, if the size of the calculation block is 2x2 and the
coordinates of the top-left pixel among the pixels in the cal-
culation block correspond to (3, 3), it could be found that “3”
can be allocated as the adjusted value to the position of the
coordinates (3, 3) in the figure for WSZ=2 among the lower
figures of FIG. 3. For reference, the aforementioned cases
were explained as examples that the average values or the
adjusted values are assigned based on the top-left pixel
among the pixels in the calculation block 261, but these were
for convenience of explanation, and a variety of variations
may be introduced as well.

During the course of drawing the average value or the
adjusted value by using the calculation block with the posi-
tion and the size as shown in FIG. 3, if an integral image as
shown in FIG. 2 is used, the amount of calculation may
decrease, but the integral image is not always necessary
because the technical idea of the present invention to be
explained later is maintained as it is even though the average
value or the adjusted value is acquired without any integral
image.

FIG. 4 shows that respective multiple reference blocks
included in respective windows have various sizes at various
positions in accordance with the present invention.

Specifically, it is assumed that a size and a relative position
of a reference block 271 in a window 2 of FIG. 4 are matched
with those of the calculation block 261 in FIG. 3. That is, it is
assumed that the sizes of both the reference block 271 and the
calculation block 261 are 4x4 and the coordinates of the
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top-left of the reference block 271 are coincident with those
of'the calculation block 261. In this case, a value “4” acquired
by the calculation block 261 could be allocated to the refer-
ence block 271. As such, average values or adjusted values
calculated by using the respective calculation blocks as
shown in FIG. 3 may be allocated to respective reference
blocks corresponding to the respective calculation blocks,
and necessary information (e.g., long code, short code, rec-
ognition rates, etc.) to be used for recognizing an object could
be acquired by successively comparing every two values cor-
responding to all the possible respective pairs which can be
selected among all the pixel values allocated to the reference
blocks. Surely, even the information on the successive com-
parison could be regarded as the necessary information,
which will be explained in more details later.

Again, by referring to FIG. 4, although a reference block
272 and a reference block 273 belong to different windows,
since the reference block 272 and the reference block 273
exist with a same size at a same relative position (e.g., with a
same range of pixels) in each window, a value calculated by
the calculation block as shown in FIG. 3 may be allocated to
both the reference block 272 and the reference block 273
equally or at the same time as the case may be. This may be
applied even to a reference block 274 and a reference block
275, which exist with a same size at a same relative position
in their corresponding windows even though they belong to
different windows. In general, a tremendous amount of win-
dows are required to enhance a degree of accuracy in the
learning process. However, in accordance with the present
invention, since it is natural that there are a lot of reference
blocks with a same size at a same relative position in a
tremendous amount of windows and that an identical value
can be allotted to the reference blocks with a same size at a
same relative position at a time, it is possible to perform the
learning process very quickly to thereby enhance the degree
of'accuracy in the object recognition.

FIGS. 5 to 8 are drawings for explaining the course of
acquiring necessary information, i.e., information to be used
for recognizing an object, from an image (e.g., a training set)
acquired by the apparatus 100 in more details in accordance
with one example embodiment of the present invention.

FIG. 5 represents multiple reference blocks belonging to
one window in accordance with one example embodiment of
the present invention.

By referring to FIG. 5, it could be found that the multiple
reference blocks are different in at least either position or size.

In addition, the multiple reference blocks in FIG. 5 include
a first reference block of size 1x1, a second one of size 2x2,
third and fourth ones of size 4x4, and a fifth one of size 8x8.

As explained above, the calculation block corresponding
part 110 may set calculation blocks (not illustrated), whose
sizes and positions are matched with various sizes and posi-
tions of the multiple reference blocks, on an image (e.g., a
training set) acquired by the apparatus 100, and acquire
respective average values of the pixels included in the respec-
tive calculation blocks or respective adjusted values calcu-
lated by using the respective average values; and the reference
block corresponding part 120 may match the respective aver-
age values or the respective adjusted values with the respec-
tive reference blocks corresponding to the respective calcu-
lation blocks.

As such, the course of setting calculation blocks on an
original image, i.e., a training image, acquired by the appa-
ratus 100 and acquiring the average values, etc. by using the
set calculation blocks can be regarded as a course of applying
average filters to the original image so that the original image
may be blurred. By referring to FIG. 6, the far-left image, for
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example, shows an image at a state of applying a calculation
block of size 1x1 to the original image and the state of the
far-left image is shown to be same as the original image
because there is no blurring caused by the calculation block of
size 1x1. In addition, the second image from the left in FIG.
6 represents an image at a state of applying a calculation block
of'size 2x2 to the original image and the third image from the
left in FIG. 6 shows an image at a state of applying a calcu-
lation block of size 4x4 thereto while the far-right image in
FIG. 6 represents an image at a state of applying a calculation
block of size 8x8 thereto. In short, it could be found that the
degree of blurring becomes greater from the left image to the
right one in FIG. 6.

For example, representatively given the explanation on the
far-right image in FIG. 6, it can be found that the average
values or the adjusted values, which are acquired by using the
calculation blocks of size 8x8, i.e., acquired while moving a
calculation block of size 8x8 from top-left to bottom-right of
the original image, are displayed. The respective average
values or the respective adjusted values may be assigned to all
reference blocks of size 8x8 which are located at respective
corresponding relative positions in the respective windows.
Because this explanation could be applied even to blocks of
sizes 1x1, 2x2 and 4x4 in FIG. 6, explanation thereon will be
omitted.

By referring to FIGS. 5 and 6 again, the reference block
corresponding part 120 may find a calculation block whose
position and size are matched with those of the first reference
block of' size 1x1 in FIG. 5 in the far-left image of FIG. 6, and
allocate an average value or an adjusted value calculated by
using the calculation block to the first reference block; find a
calculation block whose position and size are matched with
those of the second reference block of size 2x2 in FIG. 5 in the
second left image of FIG. 6, and allocate an average value or
an adjusted value calculated by using the calculation block to
the second reference block; find calculation blocks whose
positions and sizes are matched with those of the third refer-
ence block of size 4x4 and the fourth reference block of size
4x4, respectively, in FIG. 5 in the third left image of FIG. 6,
and allocate respective average values or respective adjusted
values calculated by using the respective calculation blocks to
the third reference block and the fourth reference block; find
a calculation block whose position and size are matched with
those of the fifth reference block of size 8x8 in FIG. 5 in the
far-right image of FIG. 6, and allocate an average value or an
adjusted value calculated by using the calculation block to the
fifth reference block.

By such processes, intensity values, i.c., the average val-
ues, may be allocated to the respective reference blocks, i.e.,
the first to the fifth reference blocks illustrated in FIG. 5. The
values allocated as such may be used to acquire necessary
information to be used for recognizing an object, which will
be explained by referring to FIGS. 7 and 8.

Again by referring to FIG. 1, the comparing part 130 may
acquire the necessary information by referring to the respec-
tive average values or the respective adjusted values assigned
to the respective reference blocks.

In particular, if there are n windows, i.e., a first to an n-th
windows, the comparing part 130 may acquire information on
respective results of comparison, i.e., results acquired by
successively comparing every two values corresponding to all
the possible respective pairs which can be selected among all
the average values (or among all the adjusted values) allo-
cated to the reference blocks with respect to the respective
windows as the necessary information. At the time, each of
the results of the comparison may be acquired by each win-
dow.
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Specifically, by referring to FIG. 7, it could be found that
images 310, 320, 330, and 340 of FIG. 7 are identical to the
images 310, 320, 330, and 340 as shown in FIG. 6 and even
the positions of small boxes in the respective images 310, 320,
330, and 340 are identical to those in the images 310, 320,
330, and 340. Exemplarily, the positions of small boxes were
indicated by being matched with those of the top-left pixels of
the respective reference blocks, but they are not always lim-
ited thereto. Forreference, the visible indication of such small
boxes may be nothing but for understanding. That is, the
average values allocated as shown above at coordinates cor-
responding to the small boxes could be recorded with no
visible indication.

By referring to both FIGS. 5 and 7, as a size of the first
reference block in FIG. 5is 1x1, a small box was indicated at
the corresponding position in the image 310 of FIG. 7 as it
was and an average value (e.g., an intensity value) assigned to
the first reference block was recorded with information on the
coordinates of the small box of the image 310. Similarly, as a
size of the second reference block of FIG. 5 is 2x2, a small
box was indicated at the corresponding position in the image
320 of FIG. 7 (e.g., the position of the top-left pixel of the
second reference block) as it was and an average value
assigned to the second reference block was recorded with
information on the coordinates of the small box of the image
320. Because explanation even on the third to the fifth blocks
of FIG. 5 is similar to these, detailed explanation thereon will
be omitted.

Again by referring to FIG. 7, if the small boxes indicated in
the images 310, 320, 330, and 340 are numbered respectively
from 1 to 5 and they are regarded as pixels extracted from the
images 310, 320, 330, and 340, the comparing part 130 shows
that every two values corresponding to all the possible respec-
tive pairs which can be selected among all the pixel values are
successively compared to acquire the necessary information,
i.e., information to be used for recognizing an object.

Specifically, as explained above, the average values or the
adjusted values calculated by using the respective calculation
blocks are allocated to the respective reference blocks
included in the windows. The comparing part 130 may suc-
cessively compare average values or adjusted values allo-
cated to reference blocks included in a window and then
successively compare average values or adjusted values allo-
cated to reference blocks included in a next window and the
like. At the time, if there are n reference blocks belonging to
a window, a number of cases of extracting two, as subjects to
be compared, from n is ,C,. If a code representing results
acquired by comparing ,,C, times in a binary format is called
as a long code, the range of the long code becomes [0,
2°(,,C,)-1] where “2°(,C,)-1"” means 2 to the power of
G.Co)-1.

By referring to signs of inequality illustrated just next to the
right of the images 310, 320, 330, and 340 in FIG. 7, it could
be found that results of comparison acquired by successively
comparing all the possible respective pairs which can be
selected among all the five extracted pixel values were dis-
played and that pixel numbers were indicated in the respec-
tive rectangular boxes arranged on the upper and the lower
columns to indicate identities of the respective pairs for con-
venience. Accordingly, if a pixel in the upper column receives
a larger value than a pixel in the lower column, “1” was
allowed to be indicated in the long code illustrated on FI1G. 7
and if a pixel in the lower column receives a larger value than
a pixel in the upper column, “0” was allowed to be indicated
in the long code. In addition, the comparing part 130 may get
a short code from the long code. Because the range of the long
code is wide and most of the values of the long code are not
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effective, it may pre-obtain a mapping function ® for map-
ping only the effective values in the long code to the short
code in a sequential order. It may be called as an encoding
map and expressed as follows:

:{xl0sxr=2¥2_ 1 xe N (= [x10sxsV/-1 xe N o}

An example of being converted into the short code is illus-
trated on the bottom-right of FIG. 7. For reference, if there are
N reference blocks, the ranges of the short code may be [0,
N!-1] because the number of cases that may occur when N
pieces are listed in order is P,

By referring to FIG. 1 again, the probability aggregating
part 140 may acquire recognition probability values as the
necessary information by each window, e.g., the first to the
n-th windows. Specifically, the probability aggregating part
140 acquires the respective recognition probability values
corresponding to the respective short codes calculated by
using the respective windows by referring to a lookup table
such as FIG. 8. Next, the probability aggregating part 140
may aggregate the recognition probability values and thus
acquire the aggregated probability values as ultimate recog-
nition probability values derived from the first to the n-th
windows. Of course, when a recognition probability value
becomes larger, it can be evaluated that an object recognition
rate becomes higher.

The control part 150 performs a function of controlling
data flow among the calculation block corresponding part
110, the reference block corresponding part 120, the compar-
ing part 130, the probability aggregating part 140, and the
communication part 160. In other words, the control part 150
controls the flow of data from or to outside or among the
components of the apparatus 100 for supporting object rec-
ognition and thereby allows the calculation block corre-
sponding part 110, the reference block corresponding part
120, the comparing part 130, the probability aggregating part
140, and the communication part 160 to perform their unique
functions.

The communication part 160 performs a function of allow-
ing the apparatus 100 for supporting object recognition to
communicate with other external devices or modules. The
communication part 160 may acquire the image, the average
values, or the necessary information through the communi-
cations with the external devices or the external modules.

FIG. 9 is a block diagram of an apparatus 400 for support-
ing object recognition in accordance with another example
embodiment of the present invention.

By referring to FIG. 9, the apparatus 400 for supporting
object recognition in accordance with another example
embodiment of the present invention includes an image
acquiring part 410, an object recognizing part 420, a control
part 430, and a communication part 440. For reference, the
apparatus 400 may be an apparatus for recognizing an object
included in an image (i.e., a test set) acquired after the learn-
ing process is completed.

The image acquiring part 410 may acquire an image, i.e., a
test image, as a test set. For this end, the image acquiring part
410 may further include a photographing part (not illustrated)
for photographing an object. Surely, it would be possible to
acquire an image from an external device or module through
the communication part 440 as well.

The apparatus 400 may recognize an object included in the
test image by referring to necessary information acquired
through processes of: (1) setting calculation blocks, each of
which includes one or more pixels in a training image
acquired as a training set, acquiring respective average values
of'the pixels included in the respective calculation blocks, and
matching information on the respective calculation blocks
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with the respective average values or respective adjusted val-
ues derived from the respective average values; (2) referring
to information on windows, each of which includes informa-
tion on one or more reference blocks which are different in at
least either positions or sizes and information on correspond-
ing relations between the calculation blocks and the average
values or the adjusted values, to thereby assign the respective
average values or the respective adjusted values to the respec-
tive reference blocks; and (3) acquiring the necessary infor-
mation by using the respective average values or the respec-
tive adjusted values assigned to the respective reference
blocks.

The control part 430 performs a function of controlling
data flow among the image acquiring part 410, the object
recognizing part 420, and the communication part 440. In
short, the control part 430 controls the flow of data from or to
outside or among the components of the apparatus 400 for
supporting object recognition and thereby allows the image
acquiring part 410, the object recognizing part 420, and the
communication part 440 to perform their unique functions.

The communication part 440 performs a function of allow-
ing the apparatus 400 for supporting object recognition to
communicate with other external devices or modules. The
communication part 440 may acquire the image, the average
values, or the necessary information through the communi-
cations with external devices or modules.

The present invention can have a better classification per-
formance compared to other binary features.

In addition, the present invention can have an effect of
higher calculation speed compared to features such as Gabor
or HOG.

Besides, the present invention can be used eftectively for
single-class learning and multi-class learning.

Additionally, the present invention can be used effectively
for samples with a lot of variations.

Moreover, the present invention can reduce a chance of
overfitting on learning samples compared to local features.

Furthermore, the present invention can model a classifier
by using smaller number of weak classifiers.

As well, the present invention can have an effect of using
smaller number of points compared to Ferns.

The embodiments of the present invention may be imple-
mented in a form of executable program command through a
variety of computer means recordable to computer readable
media. The computer readable media may include solely or in
combination, program commands, data files and data struc-
tures. The program commands recorded to the media may be
components specially designed for the present invention or
may be usable to a skilled person in a field of computer
software. Computer readable record media include magnetic
media such as hard disk, floppy disk, magnetic tape, optical
media such as CD-ROM and DVD, magneto-optical media
such as floptical disk and hardware devices such as ROM,
RAM and flash memory specially designed to store and carry
out programs. Program commands include not only a
machine language code made by a complier but also a high
level code that can be used by an interpreter etc., which is
executed by a computer. The aforementioned hardware
device can work as more than a software module to perform
the action of the present invention and they can do the same in
the opposite case.

While the invention has been shown and described with
respect to the preferred embodiments, it will be understood by
those skilled in the art that various changes and modification
may be made without departing from the spirit and scope of
the invention as defined in the following claims.
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Accordingly, the thought of the present invention must not
be confined to the explained embodiments, and the following
patent claims as well as everything including variation equal
orequivalent to the patent claims pertain to the category of the
thought of the present invention.

What is claimed is:

1. A method for supporting object recognition by using an
apparatus for supporting object recognition, comprising the
steps of:

(a) the apparatus setting calculation blocks, each of which
includes one or more pixels in an image, acquiring
respective average values of the pixels included in the
respective calculation blocks, and matching information
on the respective calculation blocks with the respective
average values or respective adjusted values derived
from the respective average values;

(b) the apparatus referring to information on windows,
each of which includes information on one or more
reference blocks which are different in at least either
positions or sizes and information on corresponding
relations between the calculation blocks and the average
values or the adjusted values, to thereby assign the
respective average values or the respective adjusted val-
ues to the respective reference blocks; and

(c) the apparatus acquiring necessary information to be
used for recognizing an object by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein the windows include a first to an n-th windows;
and wherein, at the step (b), the respective average val-
ues or the respective adjusted values are assigned to the
respective reference blocks by each window from the
first to the n-th ones by referring to the information on
the reference blocks belonging to the respective n win-
dows and the information on corresponding relations
between the calculation blocks and the average values or
the adjusted values

wherein, at the step (b), on assumption that multiple refer-
ence blocks belonging to the respective windows from
the first to the n-th ones are called as a first reference
block group to an n-th reference block group, if there is
a first reference block with a certain size at a certain
relative position in a window and there is a second ref-
erence block with the certain size at the certain relative
position in another window, the apparatus assigns a cor-
responding average value or a corresponding adjusted
value to the first and the second reference blocks.

2. The method of claim 1, wherein, at the step (a), the
apparatus acquires the respective average values of the pixels
included in the respective calculation blocks or the respective
adjusted values by referring to an integral image calculated by
using pixel values in the image.

3. The method of claim 1, wherein each of the adjusted
values is a value acquired by an arithmetic operation in use of
the corresponding average value and a corresponding preset
value or a value drawn by rounding off, rounding up, or
rounding down the corresponding average value.

4. The method of claim 1, wherein each of the calculation
blocks and each of the reference blocks is a square block or a
block with a certain shape if it could be combined with other
block(s) with the certain shape to thereby make a square
shape.

5. The method of claim 1, wherein the recognized object is
atleast one of a thing, a face of a human being, and a character.

6. A method for supporting object recognition by using an
apparatus for supporting object recognition, comprising the
steps of:
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(a) the apparatus setting calculation blocks, each of which
includes one or more pixels in an image, acquiring
respective average values of the pixels included in the
respective calculation blocks, and matching information
on the respective calculation blocks with the respective
average values or respective adjusted values derived
from the respective average values;

(b) the apparatus referring to information on windows,
each of which includes information on one or more
reference blocks which are different in at least either
positions or sizes and information on corresponding
relations between the calculation blocks and the average
values or the adjusted values, to thereby assign the
respective average values or the respective adjusted val-
ues to the respective reference blocks; and

(c) the apparatus acquiring necessary information to be
used for recognizing an object by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein, at the step (b), if a position and a size of a specific
reference block among the multiple reference blocks
belonging to a window are identical to those of a speci-
fied calculation block among the calculation blocks, a
particular average value or a particular adjusted value
acquired by using the specified calculation block is
assigned to the specific reference block.

7. A method for supporting object recognition by using an
apparatus for supporting object recognition, comprising the
steps of:

(a) the apparatus setting calculation blocks, each of which
includes one or more pixels in an image, acquiring
respective average values of the pixels included in the
respective calculation blocks, and matching information
on the respective calculation blocks with the respective
average values or respective adjusted values derived
from the respective average values;

(b) the apparatus referring to information on windows,
each of which includes information on one or more
reference blocks which are different in at least either
positions or sizes and information on corresponding
relations between the calculation blocks and the average
values or the adjusted values, to thereby assign the
respective average values or the respective adjusted val-
ues to the respective reference blocks; and

(c) the apparatus acquiring necessary information to be
used for recognizing an object by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein the windows include a first to an n-th windows;
and wherein, at the step (b), the respective average val-
ues or the respective adjusted values are assigned to the
respective reference blocks by each window from the
first to the n-th ones by referring to the information on
the reference blocks belonging to the respective n win-
dows and the information on corresponding relations
between the calculation blocks and the average values or
the adjusted values,

wherein, at the step (¢), information on respective results of
comparison acquired by successively comparing every
two values corresponding to all the possible respective
pairs which can be selected among all the average values
or among all the adjusted values allocated to the refer-
ence blocks by each window is acquired as the necessary
information.
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8. The method of claim 7, wherein, at the step (c), a long
code representing the results acquired by comparing nC2
times in a binary form is acquired by each window as the
necessary information.

9. The method of claim 8, wherein, at the step (c), a short
code is acquired as the necessary information by mapping
only the effective values in the long code to the short code in
a sequential order.

10. The method of claim 7, further comprising the step of:
(d) the apparatus acquiring recognition probability values as
the necessary information by each window.

11. A method for supporting object recognition by using an
apparatus for supporting object recognition, comprising the
steps of:

(a) the apparatus acquiring a test image as a test set; and

(b) the apparatus recognizing an object included in the test
image by referring to necessary information acquired
through processes of: (1) setting calculation blocks,
each of which includes one or more pixels in a training
image acquired as a training set, acquiring respective
average values of the pixels included in the respective
calculation blocks, and matching information on the
respective calculation blocks with the respective average
values or respective adjusted values derived from the
respective average values; (2) referring to information
on windows, each of which includes information on one
or more reference blocks which are different in at least
either positions or sizes and information on correspond-
ing relations between the calculation blocks and the
average values or the adjusted values, to thereby assign
the respective average values or the respective adjusted
values to the respective reference blocks; and (3) acquir-
ing the necessary information by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein the windows include a first to an n-th windows;
and wherein, at the process (2), the respective average
values or the respective adjusted values are assigned to
the respective reference blocks by each window from the
first to the n-th ones by referring to the information on
the reference blocks belonging to the respective n win-
dows and the information on corresponding relations
between the calculation blocks and the average values or
the adjusted values,

wherein, at the process (2), on assumption that multiple
reference blocks belonging to the respective windows
from the first to the n-th ones are called as a first refer-
ence block group to an n-th reference block group, if
there is a first reference block with a certain size at a
certain relative position in a window and there is a sec-
ond reference block with the certain size at the certain
relative position in another window, the apparatus
assigns a corresponding average value or a correspond-
ing adjusted value to the first and the second reference
blocks.

12. An apparatus for supporting object recognition, com-

prising:

a calculation block corresponding part for setting calcula-
tion blocks, each of which includes one or more pixels in
an image, acquiring respective average values of the
pixels included in the respective calculation blocks, and
matching information on the respective calculation
blocks with the respective average values or respective
adjusted values derived from the respective average val-
ues;

a reference block corresponding part for referring to infor-
mation on windows, each of which includes information
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on one or more reference blocks which are different in at
least either positions or sizes and information on corre-
sponding relations between the calculation blocks and
the average values or the adjusted values, to thereby
assign the respective average values or the respective
adjusted values to the respective reference blocks; and

a comparing part for acquiring necessary information to be
used for recognizing an object by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein the windows include a first to an n-th windows;
and wherein the reference block corresponding part
assigns the respective average values or the respective
adjusted values to the respective reference blocks by
each window from the first to the n-th ones by referring
to the information on the reference blocks belonging to
the respective n windows and the information on corre-
sponding relations between the calculation blocks and
the average values or the adjusted values,

wherein, on assumption that multiple reference blocks
belonging to the respective windows from the first to the
n-th ones are called as a first reference block group to an
n-th reference block group, if there is a first reference
block with a certain size at a certain relative position in
a window and there is a second reference block with the
certain size at the certain relative position in another
window, the reference block corresponding part assigns
a corresponding average value or a corresponding
adjusted value to the first and the second reference
blocks.

13. The apparatus of claim 12, wherein the calculation
block corresponding part acquires the respective average val-
ues of the pixels included in the respective calculation blocks
or the respective adjusted values by referring to an integral
image calculated by using pixel values in the image.

14. The apparatus of claim 12, wherein each of the adjusted
values is a value acquired by an arithmetic operation in use of
the corresponding average value and a corresponding preset
value or a value drawn by rounding off, rounding up, or
rounding down the corresponding average value.

15. The apparatus of claim 12, wherein each of the calcu-
lation blocks and each of the reference blocks is a square
block or a block with a certain shape if it could be combined
with other block(s) with the certain shape to thereby make a
square shape.

16. The apparatus of claim 12, wherein the recognized
object is at least one of a thing, a face of a human being, and
a character.

17. An apparatus for supporting object recognition, com-
prising:

a calculation block corresponding part for setting calcula-
tion blocks, each of which includes one or more pixels in
an image acquiring respective average values of the pix-
els included in the respective calculation blocks, and
matching information on the respective calculation
blocks with the respective average values or respective
adjusted values derived from the respective average val-
ues;

a reference block corresponding part for referring to infor-
mation on windows, each of which includes information
on one or more reference blocks which are different in at
least either positions or sizes and information on corre-
sponding relations between the calculation blocks and
the average values or the adjusted values, to thereby
assign the respective average values or the respective
adjusted values to the respective reference blocks; and
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a comparing art for acquiring necessary information to be
used for recognizing an object by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein, if a position and a size of a specific reference
block among the multiple reference blocks belonging to
awindow are identical to those of a specified calculation
block among the calculation blocks, the reference block
corresponding part assigns a particular average value or
a particular adjusted value acquired by using the speci-
fied calculation block to the specific reference block.

18. An apparatus for supporting object recognition, com-
prising:

a calculation block corresponding part for setting calcula-
tion blocks, each of which includes one or more pixels in
an image, acquiring respective average values of the
pixels included in the respective calculation blocks, and
matching information on the respective calculation
blocks with the respective average values or respective
adjusted values derived from the respective average val-
ues;

a reference block corresponding part for referring to infor-
mation on windows, each of which includes information
on one or more reference blocks which are different in at
least either positions or sizes and information on corre-
sponding relations between the calculation blocks and
the average values or the adjusted values, to thereby
assign the respective average values or the respective
adjusted values to the respective reference blocks; and

a comparing part for acquiring necessary information to be
used for recognizing an object by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein the windows include a first to an n-th windows;
and wherein the reference block corresponding part
assigns the respective average values or the respective
adjusted values to the respective reference blocks by
each window from the first to the n-th ones by referring
to the information on the reference blocks belonging to
the respective n windows and the information on corre-
sponding relations between the calculation blocks and
the average values or the adjusted values,

wherein the comparing part acquires information on
respective results of comparison acquired by succes-
sively comparing every two values corresponding to all
the possible respective pairs which can be selected
among all the average values or among all the adjusted
values allocated to the reference blocks by each window
as the necessary information.

19. The apparatus of claim 18, wherein the comparing part
acquires a long code representing the results acquired by
comparing nC2 times in a binary form by each window as the
necessary information.

20. The apparatus of claim 19, wherein the comparing part
acquires a short code as the necessary information by map-
ping only the effective values in the long code to the short
code in a sequential order.

21. The apparatus of claim 18, further comprising: a prob-
ability aggregating part for acquiring recognition probability
values as the necessary information by each window.

22. An apparatus for supporting object recognition, com-
prising:

an image acquiring part for acquiring a test image as a test
set; and

an object recognizing part for recognizing an object
included in the test image by referring to necessary
information acquired through processes of: (1) setting
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calculation blocks, each of which includes one or more
pixels in a training image acquired as a training set,
acquiring respective average values of the pixels
included in the respective calculation blocks, and match-
ing information on the respective calculation blocks
with the respective average values or respective adjusted
values derived from the respective average values; (2)
referring to information on windows, each of which
includes information on one or more reference blocks
which are different in at least either positions or sizes
and information on corresponding relations between the
calculation blocks and the average values or the adjusted
values, to thereby assign the respective average values or
the respective adjusted values to the respective reference
blocks; and (3) acquiring the necessary information by
using the respective average values or the respective
adjusted values assigned to the respective reference
blocks,

wherein the windows include a first to an n-th windows;

and wherein, at the process (2), the respective average
values or the respective adjusted values are assigned to
the respective reference blocks by each window from the
first to the n-th ones by referring to the information on
the reference blocks belonging to the respective n win-
dows and the information on corresponding relations
between the calculation blocks and the average values or
the adjusted values

wherein, at the process (2), on assumption that multiple

reference blocks belonging to the respective windows
from the first to the n-th ones are called as a first refer-
ence block group to an n-th reference block group, if
there is a first reference block with a certain size at a
certain relative position in a window and there is a sec-
ond reference block with the certain size at the certain
relative position in another window, the apparatus
assigns a corresponding average value or a correspond-
ing adjusted value to the first and the second reference
blocks.

23. A method for supporting object recognition by using an
apparatus for supporting object recognition, comprising the
steps of:

(a) the apparatus acquiring a test image as a test set; and

(b) the apparatus recognizing an object included in the test

image by referring to necessary information acquired
through processes of: (1) setting calculation blocks,
each of which includes one or more pixels in a training
image acquired as a training set, acquiring respective
average values of the pixels included in the respective
calculation blocks, and matching information on the
respective calculation blocks with the respective average
values or respective adjusted values derived from the
respective average values; (2) referring to information
on windows, each of which includes information on one
or more reference blocks which are different in at least
either positions or sizes and information on correspond-
ing relations between the calculation blocks and the
average values or the adjusted values, to thereby assign
the respective average values or the respective adjusted
values to the respective reference blocks; and (3) acquir-
ing the necessary information by using the respective
average values or the respective adjusted values
assigned to the respective reference blocks,

wherein, at the process (2), if a position and a size of a

specific reference block among the multiple reference
blocks belonging to a window are identical to those of a
specified calculation block among the calculation
blocks, a particular average value or a particular adjusted
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value acquired by using the specified calculation block is
assigned to the specific reference block.

20

which are different in at least either positions or sizes
and information on corresponding relations between the
calculation blocks and the average values or the adjusted

24. A method for supporting object recognition by using an
apparatus for supporting object recognition, comprising the
steps of: 5

(a) the apparatus acquiring a test image as a test set; and

(b) the apparatus recognizing an object included in the test

image by referring to necessary information acquired
through processes of: (1) setting calculation blocks,
each of which includes one or more pixels in a training 10
image acquired as a training set, acquiring respective
average values of the pixels included in the respective
calculation blocks, and matching information on the
respective calculation blocks with the respective average
values or respective adjusted values derived from the 15
respective average values; (2) referring to information
on windows, each of which includes information on one

values, to thereby assign the respective average values or
the respective adjusted values to the respective reference
blocks; and (3) acquiring the necessary information by
using the respective average values or the respective
adjusted values assigned to the respective reference
blocks,

wherein, at the process (2), if a position and a size of a
specific reference block among the multiple reference
blocks belonging to a window are identical to those of a
specified calculation block among the calculation
blocks, a particular average value or a particular adjusted
value acquired by using the specified calculation block is
assigned to the specific reference block.

26. An apparatus for supporting object recognition, com-

or more reference blocks which are different in at least prsing: .. .. .
either positions or sizes and information on correspond- an image acquiring part for acquiring a test image as a test
set; and

ing relations between the calculation blocks and the 20
average values or the adjusted values, to thereby assign
the respective average values or the respective adjusted
values to the respective reference blocks; and (3) acquir-
ing the necessary information by using the respective
average values or the respective adjusted values 25
assigned to the respective reference blocks,

wherein the windows include a first to an n-th windows;
and wherein, at the process (2), the respective average
values or the respective adjusted values are assigned to
the respective reference blocks by each window from the
first to the n-th ones by referring to the information on
the reference blocks belonging to the respective n win-
dows and the information on corresponding relations
between the calculation blocks and the average values or
the adjusted values, 35

wherein, at the process (3), information on respective
results of comparison acquired by successively compar-
ing every two values corresponding to all the possible
respective pairs which can be selected among all the
average values or among all the adjusted values allo- 40
cated to the reference blocks by each window is acquired
as the necessary information.

25. An apparatus for supporting object recognition, com-

an object recognizing part for recognizing an object
included in the test image by referring to necessary
information acquired through processes of: (1) setting
calculation blocks, each of which includes one or more
pixels in a training image acquired as a training set,
acquiring respective average values of the pixels
included in the respective calculation blocks, and match-
ing information on the respective calculation blocks
with the respective average values or respective adjusted

30 values derived from the respective average values; (2)
referring to information on windows, each of which
includes information on one or more reference blocks
which are different in at least either positions or sizes
and information on corresponding relations between the
calculation blocks and the average values or the adjusted
values, to thereby assign the respective average values or
the respective adjusted values to the respective reference
blocks; and (3) acquiring the necessary information by
using the respective average values or the respective
adjusted values assigned to the respective reference
blocks,

wherein the windows include a first to an n-th windows;
and wherein, at the process (2), the respective average
values or the respective adjusted values are assigned to

prising: . .
an image acquiring part for acquiring a test image as a test 43 the respective reference blocks.by each W}ndow frgm the
set: and first to the n-th ones by referring to the information on

the reference blocks belonging to the respective n win-
dows and the information on corresponding relations
between the calculation blocks and the average values or
the adjusted values,

wherein, at the process (3), information on respective
results of comparison acquired by successively compar-
ing every two values corresponding to all the possible
respective pairs which can be selected among all the
average values or among all the adjusted values allo-
cated to the reference blocks by each window is acquired
as the necessary information.

an object recognizing part for recognizing an object
included in the test image by referring to necessary
information acquired through processes of: (1) setting
calculation blocks, each of which includes one or more 50
pixels in a training image acquired as a training set,
acquiring respective average values of the pixels
included in the respective calculation blocks, and match-
ing information on the respective calculation blocks
with the respective average values or respective adjusted 35
values derived from the respective average values; (2)
referring to information on windows, each of which
includes information on one or more reference blocks ¥k k% %



